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[Abstract] Objective To explore the association between baseline complete edentulism and the risk of incident
cardiovascular disease (CVD) in older adults, and to verify the consistency across clinical subgroups and robustness of
the findings, providing evidence for early CVD risk identification and comprehensive prevention and management
among older adults. Methods Data were derived for a retrospective analysis from two longitudinal cohorts: the China
Health and Retirement Longitudinal Study (CHARLS) and the Health and Retirement Study (HRS). Participants aged >
60 years without prevalent CVD at baseline were enrolled. Baseline complete edentulism was defined as the exposure

variable, and incident CVD during follow-up was set as the outcome variable. Kaplan - Meier analysis was performed to
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compare differences in CVD-free survival probability between groups. Multivariable Cox proportional hazards regression
models were used to estimate the independent association between edentulism and incident CVD. In addition, an
interval-censored proportional hazards model was applied as a sensitivity analysis to assess the potential impact of ap-
proximating event times on the risk estimates. Hazard ratios and 95% confidence intervals were used for description.
Six-dimension subgroup (age, sex, education, etc.) analyses and interaction tests were performed to confirm the general-
izability of the association, and five sensitivity analyses were conducted to validate the reliability of the results. Re-
sults A total of 5 522 participants from the CHARLS and 7 738 participants from the HRS were included. Survival
analysis revealed that the CVD-free survival probability was significantly lower in the complete edentulism group than
in the non-edentulous group across both cohorts (P < 0.001). Fully adjusted regression models identified complete eden-
tulism as an independent risk factor for new-onset CVD among older adults (CHARLS: HR = 2.64, 95% CI: 2.33 -
2.99, P < 0.001; HRS: HR = 2.69, 95% CI: 2.46 - 2.95, P < 0.001). The results from the interval-censored model were
highly consistent with those from the conventional Cox model. This association persisted across all predefined six di-
mensions subgroups with all interaction P > 0.05. Outcomes of five sensitivity analyses were consistent with primary
analyses, indicating favorable robustness. The strongest association was observed when stroke was treated as a separate
endpoint (CHARLS: HR = 2.85; HRS: HR = 2.91). Conclusion Findings from both the Chinese and U.S. cohorts con-
sistently indicate that complete edentulism independently elevates the risk of incident CVD in older adults, with robust

associations across diverse subgroups. Complete edentulism may serve as an auxiliary indicator for CVD risk stratifica-

tion among older adults.
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Figure 1  Flowchart of screening the study population from the CHARLS and HRS datasets
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Table 1  Comparison of baseline characteristics between older adults in the Chinese and USA cohorts n(%)
Characteristic Category Overall CHARLS HiES /¢ P Missing
(n=13 260) (n=5522) (n=7 738) data

Age[Median(P,s, Ps)] 68.00[64.00, 74.00]  66.00[62.00, 72.00] 69.00[65.00, 75.00] 18.62  <0.001 0(0)

Sex Male 5732 (43.2) 2 794 (50.6) 2938 (38.0) 202.14 <0.001 0(0)
Female 7 528 (56.8) 2728 (49.4) 4800 (62.0)

Education level Low 5193 (39.2) 3492 (63.2) 1701 (22.0) 2308.47 <0.001 339(2.56)
Medium 5864 (44.2) 1397 (25.3) 4467 (57.7)
High 2203 (16.6) 633 (11.5) 1570 (20.3)

Marital status Married 9 081 (68.5) 4164 (75.4) 4917 (63.5) 205.83 <0.001 0(0)
Unmarried 4179 (31.5) 1 358 (24.6) 2 821 (36.5)

BMI/(kg/m*)[Median(P,s, P,)] 25.00[21.92, 28.50]  22.30[20.13, 24.85] 27.00[24.10, 30.50] 5247  <0.001  3(0.02)

Smoking No 10 659 (80.4) 3780 (68.5) 6 879 (88.9) 852.36  <0.001 213(1.61)
Yes 2 601 (19.6) 1742 (31.5) 859 (11.1)

Drinking No 7 562 (57.0) 3750 (67.9) 3812 (49.3) 45428 <0.001  42(0.32)
Yes 5 698 (43.0) 1772 (32.1) 3926 (50.7)

Complete edentulism No 10 939 (82.5) 4 627 (83.8) 6312 (81.6) 10.56  0.004 0(0)
Yes 2321(17.5) 895 (16.2) 1426 (18.4)

Hypertension No 7576 (57.1) 3976 (72.0) 3 600 (46.5) 856.72 <0.001  22(0.17)
Yes 5684 (42.9) 1 546 (28.0) 4138 (53.5)

Diabetes No 11 684 (88.1) 5205 (94.3) 6479 (83.7) 313.58 <0.001  33(0.25)
Yes 1576 (11.9) 317 (5.7) 1259 (16.3)

Cancer No 12 143 (91.6) 5483(99.3) 6 660 (86.1) 651.24 <0.001 19(0.14)
Yes 1117 (8.4) 39(0.7) 1078 (13.9)

Chronic lung disease No 12 131 (91.5) 4 866 (88.1) 7 265 (93.9) 137.42 <0.001  11(0.08)
Yes 1129 (8.5) 656 (11.9) 473 (6.1)

Arthritis No 6 796 (51.3) 3611(65.4) 3185 (41.2) 760.38 <0.001 9(0.07)
Yes 6 464 (48.7) 1911 (34.6) 4553 (58.8)

Residence Urban 7 285 (54.9) 1975 (35.8) 5310 (68.6) 1392.56 <0.001 0(0)
Rural 5975 (45.1) 3547 (64.2) 2428 (31.4)

Continuous variables were compared using the Wilcoxon rank-sum test (Z values reported); categorical variables were compared using the chi-square test

(x? values reported). Missing date values were calculated based on the final analytic sample (n = 13 260); Missing counts represent the original missing

status of each variable prior to multiple imputation; after imputation, all 13 260 participants were included in the final analysis models. CHARLS: China

Health and Retirement Longitudinal Study; HRS: Health and Retirement Study; BMI: body mass index
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a: distribution of edentulism prevalence stratified by age group and sex in the CHARLS cohort; b: distribution of edentulism prevalence stratified

by age group and sex in the HRS cohort; c: distribution of edentulism prevalence stratified by education level and marital status in the CHARLS

cohort; d: distribution of edentulism prevalence stratified by education level and marital status in the HRS cohort. Error bars represent 95% CI. e:

Kaplan-Meier CVD-free survival curves stratified by edentulism status in the CHARLS cohort. f: Kaplan-Meier CVD-free survival curves stratified

by edentulism status in the HRS cohort. The chi-square test was used for comparisons between groups of categorical variables. Survival curves
were compared using two-sided log-rank tests. Sample sizes: CHARLS, n = 5 522; HRS, n = 7 738. CHARLS: China Health and Retirement Longi-
tudinal Study; HRS: Health and Retirement Study; CVD: cardiovascular disease

Figure 2 Distribution of baseline complete edentulism and cardiovascular disease event-free survival analysis in the two cohorts
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Table 2 Cardiovascular disease event incidence results during follow-up in the two cohorts

CHARLS (n=5 522)

HRS (n=7 738)

Characteristics Without complete

Complete edentulism ~ Without complete edentulism

Complete

edentulism (n=4 627) (n=895) (n=6 312) edentulism (n=1 426)
Number of CVD events 849 366 1574 755
Cumulative incidence (%) 18.35 40.89 24.94 52.95
Person-years of follow-up 26 500 4632 53 062 10 012
Incidence density (/1 000 person-years) 32.04 79.02 29.66 75.41

CVD-free survival probability(%, 95% CI) 78.22 (76.91-79.54)

51.79 (48.25-55.59)

66.23 (63.86-68.69) 27.79 (21.63-35.70)

CHARLS: China Health and Retirement Longitudinal Study; HRS: Health and Retirement Study; CVD: cardiovascular disease
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Subgroup CHARLS (China)
Model 1 (Unadjusted)
Non-edentulous 1.00 (Ref)
Edentulous 2.69 (2.38-3.04)
P value P<0.001
Model 2 (Sociodemographic)
Non-edentulous 1.00 (Ref)
Edentulous 2.69 (2.37-3.04)
P value P<0.001
Model 3 (Fully adjusted)
Non-edentulous 1.00 (Ref)

Edentulous 2.64 (2.33-2.99)
P value P<0.001

Interval-censored sensitivity analysis
Model 1 (Unadjusted)
Non-edentulous 1.00 (Ref)

Edentulous 2.73 (2.41-3.09)
P value P<0.001

Model 2 (Sociodemographic)
Non-edentulous 1.00 (Ref)
Edentulous 2.72 (2.40-3.09)
P value P<0.001

Model 3 (Fully adjusted)
Non-edentulous 1.00 (Ref)

Edentulous 2.68 (2.36-3.04)
P value P<0.001

Sample size / Events (Primary)

Sample size / Events (Interval-censored)

PH assumption test (Global P, Primary) P=0.757
PH assumption test (Global P, Interval-censored) ~ P=0.729
Bonferroni-corrected P (Model 3, Primary) P<0.001
Bonferroni-corrected P (Model 3, Interval—censored) P<0.001
Statistical power (Model 3, Primary) 100.0%
Statistical power (Model 3, Interval—censored) 100.0%

n=5 522, Events=1 215
n=5 522, Events=1 215

HRS (USA)

1.00 (Ref)
—  278(255-3.04)
P<0.001

1.00 (Ref)
—_ 2.72 (2.48-2.98)
P<0.001

1.00 (Ref)
—_ 2.69 (2.46-2.95)
P<0.001

1.00 (Ref)
—  2.82(2.58-3.08)
P<0.001

1.00 (Ref)
—  2.76(2.51-3.03)
P<0.001

1.00 (Ref)
—  2.73(249-3.00)
P<0.001

n=7 738, Evenis=2 329
n=7 738, Events=2 329
P=0.074

P=0.081

P<0.001

P<0.001
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100.0%
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CHARLS: China Health and Retirement Longitudinal Study; HRS: Health and Retirement Study; CVD: cardiovascular disease

Figure 3 Forest plot of the association between complete edentulism and incident cardiovascular disease risk based on a Cox pro-

portional hazards model and an interval-censored proportional hazards model
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Subgroup CHARLS (China) HRS (USA)
Overall 2.64 (2.33-2.99) | —— 2.69 (2.46-2.95) | ——
A I I
<75 2.67 (2.31-3.08) E —_— 2.74 (2.45-3.06) E —
=75 2.50 (1.93-3.25) | ———  245(2.08-2.89) | —
P for interaction P=0.605 : P=0.219 :
| |
Male 2.95 (2.45-3.55) ! —— 2381 (241-3.28) ! —_—
Female 2.41 (2.04-2.86) | — 2.63 (2.35-2.95) | ——
P for interaction P=0.119 : P=0.663 :
Education E E
Low 2.68 (2.31-3.11) | — 2.73 (2.32-3.21) | —_—
Medium/High 2.59 (2.07-3.24) : —_— 2.71 (2.43-3.02) | ==
P for interaction P=0.636 E P=0.828 E
Smoking | |
Never 2.42 (2.08-2.82) | — 2.70 (2.44-2.99) \ —
Ever 3.16 (2.55-3.93) : ———2.43(1.93-3.05) : —_—
P for interaction P=0.058 E P=0.369 E
Diabetes : :
No 2.71 (2.38-3.08) | — 2.72 (2.45-3.01) | ——
Yes 1.65 (0.96-2.83) 1:—0— 271 (2.19-3.34) E —_—
P for interaction P=0.144 ! P=0.828 !
BMI | |
<25 2.62 (2.28-3.02) : — 2.66 (2.25-3.14) : —_—
=25 2.82 (2.14-3.71) E —— 270(241-3.02) E —
P for interaction P=0.861 : P=0.855 :
T T T 1 T T T 1
0 1 2 4 0 1 2 4
HR (95% CI) HR (95% CI)
Protective Risk Protective Risk

CHARLS: China Health and Retirement Longitudinal Study; HRS: Health and Retirement Study; CVD: cardiovascular disease; BMI: body mass

index. The overall analytic sample comprised 5 522 participants from CHARLS and 7 738 from HRS. Interaction P values were calculated using

likelihood ratio tests

Figure 4  Forest plot of a subgroup analysis for the association between complete edentulism and cardiovascular disease
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Analysis CHARLS (China)
Main analysis (Model 3)
Sample size/Events

HR (95% CI)

Sensitivity la: Heart disease only

5522/1215
2.64 (2.33-2.99)

5522/860
2.48 (2.12-2.90)

Sample size/Events
HR (95% CI)

Sensitivity 1h: Stroke only

Sample size/Events 5522/440
HR (95% CI) 2.85(2.32-3.50)
Sensitivity 2: Excluding first 2-year events

5220/913
251 (2.17-2.90)

Sample size/Events

HR (95% CI)
Sensitivity 3: Complete case analysis
3700/815
2.71(2.31-3.18)

Sample size/Events

HR (95% CI)
Sensitivity 4: Fine-Gray competing risks
5522/1215
2.52 (2.22-2.86)

Sample size/Events

HR (95% CI)

HRS (USA)

77382329
2.69 (2.46-2.95)

7738/1 640
253 (2.27-2.82)

7 738/840
291 (2.55-3.32)

7320/1911 .
256 (2.31-2.84) —_
1

5650/1 700
2,66 (2.39-2.96)

7738/2 329 !
255(2.33-2.79) ! -

—
051

HR (95% CI)

1 T T
2 3 4

051 2 3 4
HR (95% CI)

Protective Risk

Protective Risk

CHARLS: China Health and Retirement Longitudinal Study; HRS: Health and Retirement Study; CVD: cardiovascular disease. The primary analy-

sis included 5 522 participants in CHARLS and 7 738 in HRS

Figure 5 Forest plot of a sensitivity analysis for the association between complete edentulism and cardiovascular disease risk
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